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Specifications 

1 . Name of Invention 

Cleaning Method for Semiconductor Substrate 

2. Claims 

(1) A cleaning method for a semiconductor substrate is characterized by a process in which a 

semiconductor substrate is dipped into an organic agidJha Us fed w ith bubbl£S_eoatain^g^zone^xygen. 

^ 



' 3. * Detailed Description of the Invention 
<Technical Field> 

This invention pertains to a cleaning method for a semiconductor substrate. 
<Prior Art & Related Problems> 

During LSI production, wafers must be cleaned several times between processes in order to remove dust 
and dirt, and a technique for doing so has become important from the standpoint of improving production 
yields. The primary solutions used in such a cleaning process are generally classified into alkalLand .acid..typeu 
solutions. Examples of well-known cleaning solutions include aqueous ammonia - h ydrogen peroxide and 
hydrochloijc-acid — Ji ydrogen peroxid gj(also commonly referred to as RCA cleaning) types. In addition, mixed 
acid^lutions^are^ used such as sul furic^^ Solutions 
are nonnaHyjieated to a 1 tem peratoe of 6 0j- 150°C and ^sometimes undergo jiltrasonic w a ve tr gatm ent during 
^Jieating^ • 

However, in the cases of ammonia - hydrogen peroxide and hydrochloric acid - hydrogen peroxide 
types, since the hydrogen peroxide quickly breaks down into H 2 0 and nascent-state O, the deterioration in oxide 
strength causes inconsistent cleaning strength. Therefore, it becomes necessary to periodically replenish the 
solution with hydrogen peroxide, resulting in a complicated process. Sulfuric acid - hydrogen peroxide type 
solutions are also unfavorable for the same reason. Problems exist in cases where these sulfuric acid - hydrogen 
peroxide and sulfuric acid - nitric acid types are used as waste solutions during treatment. In cases where 
sulfuric acid is discarded, there is a safety concern when it reacts with water and reaches a temperature of 100°C 
or more. For this reason, a large volume of water is needed. Furthermore, when sulfuric acid is used, nitrogen 
oxides are generated which need to be regulated due to pollution standards, and for this reason, sulfuric acid 
cannot be used in large amounts. In short, the problems noted above result in high treatment costs. 

In addition, Patent No. S52-012063 describes a method for removing resist films from semiconductor 
substrates in a well-known treatment method that takes the place of the aforementioned acid - hydrogen 
peroxide type solutions. According to this method, sulf uric acid is used along with ozone, which tak es the pla 



of hydrogen peroxide. However, according to this method, a large volume of water (up to a tenfold dilution) is 
required in order to discard the sulfuric acid, which presents a problem from the standpoint of safety as well as 
cost. 
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<Purpose of the Invention> 

The purpose of this invention is to present a treatment method in which it is possible to maintain a high 
level of safety as well as a low cost. 

Constitution of the Invention> 

The method for cleaning semiconductor substrates as described in this invention is characterized by a 
process in which an organic acid is used as a cleaning solution and bubbles containing ozone/oxygen are fed 



into the solution tank in order to remove dirt fpm-t hq surface o fsil^n^wafers. 
<Principle/Operation of the Invention> 

Among the various types of organic apids, formicji^^ properties. 
On the other hand, acetic acid is a weak acid in which the hydrogen within the -COOH group becomes 
displaced once the acetic acid reactsj^ (M), resulting in the formation of a -COOH 

metallic salt. 

Furthermore, by fee ding bubbles containi ng ozone in t o the solution tank, organic^contaminants v bectoqe 
oxidize^yjh^ itpossible tojr^oyej hese contaminants through decompositio y. 

jr- — 7 In other words, this invention seeks to conduct a cleaning operation in which heavy metals located on 
top of semiconductor substrates (wafers) create formic acid salt or acetic acid salt, and organic contaminants are 
decomposed through the use of ozone. 

<Embodiments> 

The following is an explanation of this invention in which a prior example is used for comparison. 
First, an embodiment of this invention will be explained. 

According to this invention, the cleaning operation is conducted as follows. A cleaning tank is filled 
with an^orgamc acid (such as formic acid, acetic acid, etc .), and the solution is heated jto^a temp e rature of 100 - 
150^C), after which a semic onductor substrate jisjijj^ bubb les are fed from 

the bottom of the tank and clean the substrate as they hit up against the surface. 



* The tank used in this invention is made of Teflon, and th^ olution temper ature is controlled t hrough the 
use of an immersion type quartz heater. The ozone/oxy^en^bubble^ th etank from the bottom using^a 

gas distri butor made of^yrex^JThe same type of tank isjis ed to c onduct deaning_with a prior form of RCA 
cleaning solution comprised of NH 4 OH - H 2 0 2 - H 2 0 (1 : 1:5) at a solution temperature o f 80°C for 10 minutes. 



In addition to using the same tank described above, the method of this invention calls for the use of a 
wafer fromth e samg lot, and said wafer is to be dipped into a_soliition^offo ^ acid or acetic acid. While the 
wafer is within the Japk, the solution jsheate djto a temperature of 100 - ^1 50°C. In jiddition, ozone/oxygen 
bubblesarefedtfirough the bottom of the tank so that cleaning can be conducted for a period of 1 O^minute^ . 

The wafer that is cleaned using the NH 4 OH - H 2 0 2 - H 2 0 solution according to the prior method, and 
the wafer that is cleaned using the formic acid - ozone - 0 2 solution according to this invention both undergo a 
steam treatment (in an environment of Hjj- 0 2 at 950°C forJO minute$), after which lifetime measurements are 
conducted using a non-contact method. These results are shown in Tables 1- along w ith :>the J Jiy^.:'(Elatj[flai«t':. 
Voltage) figures, which are evaluated using the MOS C-V method. ■ v , ;1 . > 



Table 1 



Cleaning Method 


Lifetime sec) 


V re (V) 


Prior Method (NH 4 OH) 


7 


-0.9 


Method of this Invention 
(Ozone/Formic Acid) 


20 


-1.0 



<Eflfect of the Invention> 

As shown in Table 1, the cleaning method described in this invention has a recombination lifetime value 
that is approximately three times that of the RCA cleaning solution from the prior method, which indicates a 
superior cleaning effect. In addition, the (Flat Band Voltage) figure obtained through the MOS C-V method 
shows a level of -1 ,0V, which is not significantly different from the result shown for the prior method. 



, r Based on the above, the cleaning method described in this invention provides a cleaning effect that is 
equal to or greater than that of the prior method, thus sufficiently achieving the purpose stated above. 

In addition, the problem noted above with respect to the generation of heat due to the reaction between 
water and sulfuric acid or nitric acid is prevented, thus this invention creates very few problems from the 
standpoint of pollution. This is due to the fact that formic acid and a^ic_acid_can .be. easily, deeompo^d into 
CO, C0 2 , H 2 0, etc., at high temperatures (up to 150°C), and this decomposition is further advanced through the 
use of^>gSHi^n4he4i£at^ this invention poses no problem with regard to discarding the 

solution since it can be easily dissolved in water. This not only makes it possible to provide industrial safety as 
well as actional manufacturing operation, it jilso makes it possi ble to i gduce^giejey el of cost required to _J 
cqnduct^ie^eatrrienrprocess. 

r Patent Applicant:^ ;;NippoaDeiiki,R.K; / 1 *" .^\i<-^\^r;:^:j^u^ 4?V/^vV^c?-v-.- ■ i 

Agent: Tadashi Kanno, Patent Attorney 

[seal of:] Tadashi Kanno 
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Dear Ken, 



Attached is the first of five patent translations that you requested. I 
think I will simply translate the patents in chronological order. I will 
send an invoice once all of the patents are translated. FYI, the actual word 
count for this patent was 1376. 

If you have any questions, please feel free to call me at 1-888-246-6791. 

Have a great day. 

Sincerely, 
David Klepinger 




1 



